S2

Table of Contents Page
General Procedures S3
Syntheses of compounds 1 to 3 S3-S4
NMR spectra for compounds 1 to 3 S5-S9
Electronic absorption spectrum of Et2 CAAC in hexane S9
Electronic absorption spectra of compounds 2 and 3 in hexane S10
Crystal structures of compounds 1 to 3 S11-S12 Table S1 . Data collection and structure refinement details for compounds 1 to 3 S13 Table S2 . Selected bond lengths (Å) and angles (°) for 1-3 and Et2 CAACBi(Ph)Cl 2 S14
Computational Analysis S15
References S23
Synthesis of Be( Et2 CAAC) 2 (2) . A suspension of Et2 CAACBeCl 2 (1.556 g, 3.95 mmol) in toluene (30 mL) was added to one equivalent of Et2 CAAC (1.24 g, 3.95 mmol) and KC 8 (1.18 g, 8.7 mmol) and was stirred for 5 h at room temperature. The suspension was filtered over a pad of Celite and the pad was washed with toluene until the filtrate became colorless. The purple filtrate was reduced in vacuo. Compound 2 was isolated as a purple solid after filtration (1.99 g, 79% yield). Purple single crystals suitable for X-ray diffraction studies were obtained from a saturated toluene solution at -37 °C. 1 H NMR (C 6 D 6 , 600.13 MHz): δ = 7.18 (t, J HH = 9.6 Hz, 2H, CHpara), 7.12 (d, J HH = 9.6 Hz, 4H, CHpara), 3 
Synthesis of Et2 CAACBiPh (3).
To a purple solution of Be( Et2 CAAC) 2 (322 mg, 0.506 mmol) in toluene (10 mL) was added a yellow suspension of Et2 CAACBi(Ph)Cl 2 (339 mg, 0.506 mmol) in toluene (5 mL) or a solution PhBiCl 2 (THF) (217 mg, 0.506 mmol) in THF (2 mL) at -37 °C. The reaction mixture was stirred at -37 °C for 30 min. The black solid was filtered off at -37 °C to give a dark-red solution. The solvent was removed and the red residue was extracted with hexane (3 mL) at 0 °C. Dark red crystals suitable for Xray diffraction studies were obtained from a saturated hexanes solution at -37 °C (30.0 mg, 10% yield). In some cases, a crop of colorless Et2 CAAC crystals were isolated first and the solution was transferred back to the freezer before isolating 3. m. ) . Compound 3 is highly soluble in hexane, benzene and toluene. It is stable for weeks in the solid-state but not in solution, decomposing to form free ligand and bismuth metal. However, it may be handled at low temperature. Due to the thermal instability of 3 in solution, even at 0 °C, it is currently impossible to acquire pure NMR data. Therefore, 1 H and 13 C data contain free Et2 CAAC. For 1 H NMR, a sample was prepared at -37 °C using pure crystals of compound 3, and the data were collected immediately at 0 °C ( Figure S6 ). Due to the time required for 13 C NMR, the peaks were assigned by essentially running the reaction in the NMR tube and immediately collecting the data ( Figure S7 Table S2 Figure S12. X-ray crystal structure of [Be( Et2 CAAC) 2 ] (2). Only one of the two chemically identical but crystallographically distinct molecules in the asymmetric unit is shown. Ellipsoids represent 50% probability and all hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°) in Table S2 Figure S13. X-ray crystal structure of [( Et2 CAAC)BiPh] (1). Ellipsoids represent 50% probability and all hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°) in Table S2 .
Scan Analysis Report
A B Figure S14 . A) Front view and (B) side view of a space-filling model of crystal structure of compound 3. Carbon atoms, partially masked, are in grey, all hydrogens are in white and bismuth atom is presented as purple spheres. 
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Computational details
The computations were carried out with the Gaussian 09 program package. 6 All structures were optimised using the ωB97XD functional. The all valence cc-pVDZ basis set was applied for H, C and N while for
Bi the cc-pVDZ-PP basis sets were used, which include pseudopotentials for the simulation of relativistic effects. The basis sets with pseudo potentials were obtained from the EMSL Basis Set Library. 7 At each of the optimised structures vibrational analysis was performed to check that the stationary point located is a minimum of the potential energy hypersurface. To investigate the convergence of the basis set on the optimised geometries optimalization and each of the optimized structures vibrational analysis have been performed with the larger cc-pVTZ(-PP) basis set using the ωB97XD functional, and the difference was found to be negligible. For visualisation of the molecules the Molden program was used. 8, 9 The Wiberg Bond Indices and NPA charges were calculated with the NBO program version 3.1. 10 The AIM analysis was obtained with the Multiwfn code. 11 The molecular orbitals were plotted with Avogadro program.
12 Table S3 . Bond lengths (d, Å), Wiberg bond indices (WBI, -), electron density at the bond critical point (ρ, a.u.) and ellipcticity (ε, -) of selected bonds for 3M and reference molecules at wB97XD/cc-pVTZ(-PP) level. Partial NPA charges (q, e) of selected atoms at wB97XD/cc-pVTZ(-PP) level. Table S4 . The resonance structures and the weight of the structures (%) at wB97XD/cc-pVTZ(-PP) level TOPO matrix for the leading resonance structure: Atom 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
3M
-------------------------------------------------------
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Resonance RS Weight(%) Added(Removed) --------------------------------------------------------------------------- 1*(
--------------------------------------------------------------------------
100.00 * Total * [* = reference structure]
